Academic expectations and demands become primary sources of stress during adolescence, negatively affecting sleep. To cope with stress, adolescents may turn to social support figures. The present study tested the extent of main and moderating effects of various sources of social support on the association between stress and sleep. Adolescents (n = 202, mean age 14.6 years, standard deviation = 0.71) reported on academic stress, sleep, and support using questionnaires during a lowand high-stress period, defined by the absence or presence of examinations, respectively. Inquiries were made regarding social support from parents, friends, and class supervisor. During both stress periods, academic stress was associated negatively with sleep quality and positively with sleep reduction. Social support increased sleep quality and lowered sleep reduction. In addition, social support moderated the effects of academic stress on sleep, thus improving sleep quality and lowering sleep reduction. Moderating effects were stronger during a period of high stress. The present study showed that adolescents can benefit from stress moderation through social support by improvements of sleep quality and sleep reduction. Such moderating effects should be taken into account when studying stress and sleep. Implications and recommendations based on these findings are discussed.
IN TROD UCTI ON
The average sleep duration diminishes with age (Ohayon et al., 2004) , especially during adolescence and adulthood (Iglowstein et al., 2003) . One underlying cause for sleep reduction is stress, which can be associated positively with demands, e.g. examination week (Astill et al., 2013; Dewald et al., 2014) . In turn, reduced sleep likely leads to compromised performance in adolescents (Curcio et al., 2006; Dewald et al., 2010) . Adolescents may attempt to cope with stress by turning to social support figures, potentially reducing stress and tension (Willemen et al., 2011) . The role of such support within the stress-sleep linkage is still largely unknown. The present study investigated the main and moderating effects of multiple sources of social support on the effects of academic stress on sleep.
Observations regarding adolescents' sleep established that their sleep duration is commonly shorter than the recommended 9.2 h (Gradisar et al., 2011) . In addition, female adolescents showed more difficulty in falling and staying asleep (Ohayon et al., 2000) , which could affect sleep duration and quality negatively. One important cause of sleep reduction is stress. During adolescence, academic demands (e.g. examination weeks) can become an important source of stress (Astill et al., 2013; Dewald et al., 2014) . Specifically, Dewald et al. (2014) found examination weeks to be associated with increased sleep fragmentation, whereas Astill et al. (2013) found examination weeks to be associated negatively with sleep duration, sleep quality, and sleep efficiency. These results are worrying, considering that sleep has been associated closely with academic performance (Curcio et al., 2006; Dewald et al., 2010) .
In order to cope with stress, adolescents can turn to social support figures. Supportive relationships with family and friends can act as protective factors against stress and assist in the regulation of negative emotions (Willemen et al., 2011) . While parental support remains the best predictor for adolescents' emotional wellbeing (Helsen et al., 2000) , friends become relied upon more frequently for support during adolescence (Nickerson and Nagle, 2004 ). An additional support figure can be found in the class supervisor. The Dutch education system assigns a teacher to a class of students, who has regular contact with the students, provides support, and acts as a confidant. The teacher-student relationship can affect academic involvement and performance positively (Roorda et al., 2011) .
The contribution of social support to psychological and physiological wellbeing has been described in two theoretical models, i.e. the main effects model and the stress-buffering model (Cohen, 2004; Cohen and Wills, 1985) . The main effects model states that social support can be advantageous regardless of stress level, whereas the stress-buffering model states that social support is advantageous only under conditions of stress. However, these models might not be mutually exclusive. Adolescents who receive regular support could be better prepared to cope with stress, yet benefit from additional support during high-stress periods. Thus, negative effects of stress on sleep quality and sleep reduction could be moderated by social support. Such moderation would be affected differently by stress following the main effects and stressbuffering models. Moderation of stress by social support has been observed in young adolescence, reducing the effects of stress on depression (Pengilly and Dowd, 2000) . Specifically, social support from parents has been found to moderate the effects of life events on stress in adolescents, demonstrating that high-quality relationships could protect adolescents against negative effects of stress (Willemen et al., 2011) . To understand more clearly the possible main and moderation effects of social support, evaluations should be conducted during both low-and high-stress periods.
The present study investigated (1) the main effects of stress on sleep, (2) the moderating effect of support on the effects of stress on sleep, and (3) possible differences in moderation strength between low-and high-stress periods among adolescents. This design allowed for the evaluation of the two competing models of social support, as well as their individual relevance for high-and low-stress periods. Surveys were taken on sleep reduction and sleep quality, as well as academic stress and social support from multiple sources (parents, friends, and class supervisor), during a low-stress (LS) and high-stress (HS) period, following from the absence or presence of examinations, respectively. Academic stress was expected to be higher during HS compared to LS. Additionally, academic stress was expected to correlate negatively with sleep quality and positively with sleep reduction. Female adolescents were expected to have a lower sleep quality and higher sleep reduction. Social support from parents and friends was expected to moderate the effects of academic stress on sleep, expressed by lower sleep reduction and increased sleep quality for adolescents with high satisfaction of social support. Stronger moderation effects were expected during HS, consistent with the stressbuffering hypothesis. The possible main and moderation effects of social support from the class supervisor on stress and sleep were explored.
MAT ERIALS AN D METH ODS Subjects
Participants were recruited from two Dutch high schools (higher general secondary education and pre-university secondary education). Four classes participated from each school. Two weeks prior to the first survey, adolescents and parents received detailed protocol information by both handout and e-mail. Adolescents signed the informed consent form prior to the first survey (87%). Parents could opt out of their adolescents' participation by signing a letter of objection attached to the informed consent form (1%), irrespective of consent provided by the adolescents themselves. Other adolescents did not return the informed consent form (9%) or refused to participate (3%). When parental objection was received or informed consent was not signed, students were excluded from participation. Participants started with the LS survey. Due to student absence, sample sizes differed for the LS [n = 183, 52% male, mean age = 14.6 years, standard deviation (SD) = 0.71] and HS (n = 171, 58% male, mean age = 14.7 years, SD = 0.73) surveys. The sample that participated in both surveys consisted of 152 students (55% male, mean age = 14.6 years, SD = 0.72). Most participants were of Dutch nationality (97%) and reported living with their biological parents (82%). The remaining participants reported their parents to be divorced (14%) or of different family composition (e.g. adopted, living with parents of the same gender; 4%). The majority of participants whose parents were divorced lived with their mothers (74%).
Experimental procedures
This study applied identical questionnaires during both LS and HS surveys. The LS period was a regular school week without examinations, while the HS period consisted of an examination week. Surveys were conducted during school hours at the end of the regular school week or at the end of the examination period. The protocol was approved by the University Committee on Research Involving Human Subjects (reference: E1314AW).
Instruments
Data were obtained using questionnaires concerning demographics (e.g. age, nationality, living situation, academic level, and grade), academic stress, sleep, and social support using the following instruments.
Academic stress
Inquiries were made regarding the level of academic stress during LS and HS using the question: 'How stressed or tense did you feel the previous week for school?', which was answered using a visual analogue scale (VAS; Cline et al., 1992) , ranging between 0 ('not stressed/tense') and 10 ('extremely stressed/tense'). The scale involved a 10-cmlong horizontal line upon which adolescents indicated their experienced academic stress level by drawing a cross on the line. Answers were translated into numerical values by measuring the distance in centimetres between the null point and the placed cross. This scale has good validity compared to the 14-item Perceived Stress Scale questionnaire of Cohen (Lesage and Berjot, 2011) , used commonly for general stress.
Sleep reduction and quality
For sleep reduction, the Chronic Sleep Reduction Questionnaire-Short Form was implemented (CSRQ-SF; Dewald, 2012) . The CSRQ-SF applied nine of the original 20 questions from the complete CSRQ (Meijer, 2008 that are focused on chronic sleep reduction symptoms. Questions were answered using a three-point scale answer model. The CSRQ-SF has good internal consistency (Cronbach's a = 0.79) in a general population (n = 951; Dewald, 2012) . The present study found Cronbach's a of 0.68 and 0.72 for the LS and HS measurements, respectively. Participants evaluated sleep quality by answering the question: 'How would you rate your sleep quality?', using a VAS scale ranging between 0 ('not good at all') and 10 ('excellent'). Previous research has implemented the VAS-scale successfully for evaluation of sleep quality (Monk et al., 1994) .
Social support
The Dyadic Coping Inventory for Adolescents, Parents and Peers (DCI-APP) investigated adolescents' satisfaction with social support from parents and friends during stress. It involved a new and adapted version of the existing Dyadic Coping Inventory (Gmelch et al., 2008) that rephrased the original DCI questions to suit adolescents more appropriately. Publications on the validity of the DCI-APP are pending. The original DCI showed good reliability and validity (Ledermann et al., 2010) . The 21-item questionnaire was categorized for stress communication, supportive dyadic coping response, negative coping response, and satisfaction with cooperative coping. Given that previous studies indicated the importance of the perceived quality of support rather than the quantity of social support (Guay et al., 2013; Wethington and Kessler, 1986) , the present study focused on satisfaction with cooperative coping for each support figure (mother, father and friend) using a five-point scale (seldomfrequent) on four items ['I am satisfied with her/his support'; 'I perceive her/his support (or: help) as effective'; 'I am satisfied with the way we cope with stress together'; 'I perceive our mutual coping with stress as effective']. Variables were created by averaging over the respective four items. The present study found Cronbach's a between 0.86 and 0.90 for mother, father and friend for LS, and between 0.86 and 0.89 for HS. For the class supervisor the shortened version of the Teacher As Social Context questionnaire was applied (Belmont et al., 1988; Sierens et al., 2009) , of which only the commitment questionnaire was implemented. This questionnaire investigated the relationship between the adolescent and class supervisor, and consisted of eight items (e.g. 'My teacher knows me well') that were answered on a five-point scale (not true-true). The present study directed the questionnaire to the class supervisor and found Cronbach's a for the LS and HS measurements of 0.84 and 0.85, respectively.
Statistical analyses
Descriptive analyses determined means and standard deviations for academic stress, sleep quality, sleep reduction and social support. Correlations were computed between the central variables. Considering that the data originated from two schools, each with four classes, the need to apply a multilevel model was investigated following multilevel modelling guidelines by Peugh (2010) . Although intraclass correlations (ICC) were below 0.05, the design effect for school level was above 2.0 for sleep quality. Because data were gathered at two time-points, there was also dependency within students (ICC between 0.57 and 0.81). Consequently, multilevel analyses were applied using mixed models in SPSS version 21.0 (IBM Corp., Armonk, NY), with individuals at level 1, classes at level 2, and schools at level 3. Multilevel models take into account possible bias in standard errors resulting from the non-independence of observations and can manage varying sample sizes effectively due to missing data points (Snijders and Bosker, 2012) . Data were analysed using a maximum-likelihood estimation procedure, with sleep quality and sleep reduction as outcome variables. Stress and support variables were mean-centred to facilitate post-hoc interpretation of the interaction effect (Aiken and West, 1991 ). An alpha of 0.95 was used.
A stepwise procedure was applied separately for both outcome variables. In step 1, an empty model with an autoregressive within-subjects (co)variance structure for the three levels was fitted to the data. ICC and design effects were computed. In step 2, time (LS versus HS) was added as a fixed dummy variable. This step was also executed separately for stress and support as dependent variables. In step 3, gender was added as fixed effect, and subsequently removed when gender was related non-significantly to the outcome variables. In step 4, support was entered into the model to estimate its main effects.
Step 5 entered the main effects of stress and support and the interaction between stress and support to test the buffering effect of support (between-person effect). Each support figure was tested in a separate analysis. Steps 3, 4, and 5 were ª 2015 European Sleep Research Society followed-up by two substeps. First, the interaction with time was added to test possible effect differences between HS and LS. Secondly, the interaction with gender and with gender and time were added to determine possible differences between male and female adolescents, and whether this differed between HS and LS. At each step, differences in fit between models were evaluated using the chi-squared difference test for deviance values (À2 log-likelihood). Progression through the steps was based on the significance of the chi-squared difference test. We only interpreted the multivariate statistics of the predictors and moderators if the model fit improved. Group means AE 1 SD were plotted for the predictor and moderator variables to facilitate interpretation of the interaction effects.
RESUL TS Descriptive analyses
Means and standard deviations for the central variables are displayed in Table 1 .
Correlations between central variables
Gender was associated significantly with most central variables: male adolescents reported higher sleep quality, lower sleep reduction, less academic stress, and less support from friends (P < 0.001). Consequently, subsequent analyses were controlled for gender. Partial correlations indicated academic stress and sleep quality to be correlated negatively in both LS and HS (Table 2) . Sleep reduction was affected positively only by academic stress in LS. Interestingly, social support from the father was related positively to sleep quality in LS, while in HS support from the mother resulted in lower sleep reduction. Satisfaction with support from the class supervisor was related to less academic stress and to better sleep quality, but only in HS.
Comparing stress period
Multilevel analyses indicated significant model improvements after time was added to the model (step 2). Academic stress was higher during HS than LS [B = À0.77, standard error (SE) = 0.23, P = 0.001], which confirmed the assumption underlying the research design. Sleep quality was found to be lower during HS (B = 0.36, SE = 0.12, P = 0.004) while, unexpectedly, the level of sleep reduction was found to be lower for HS (B = 0.79, SE = 0.19, P < 0.001). For social support, only satisfaction with support from the class supervisor differed between HS and LS, with higher scores in LS compared to HS (B = 0.10, SE = 0.04, P = 0.022).
Main effects of stress and support
The main effects of stress and support on sleep were investigated in step 3. High (1 SD above average) academic stress was related to less sleep quality (mean = 6.11, SD = 1.94) compared to low (1 SD below average) stress (mean = 7.61, SD = 1.57; B = À0.13, SE = 0.03, P < 0.001). In addition, high stress was related to higher sleep reduction (mean = 15.72, SD = 3.52), compared to low stress (mean = 13.65, SD = 2.96, B = 0.16, SE = 0.05, P = 0.004). Effects were similar for HS and LS. High satisfaction with support from the class supervisor resulted in higher sleep quality (mean = 7.34, SD = 1.07) compared to low support (mean = 6.43, SD = 1.58; B = 0.34, SE = 0.12, P = 0.004), with stronger effects in HS compared to LS (B = À0.40, SE = 0.16, P = 0.014). In addition, an interaction effect was found for support from friends and time on sleep quality. High support resulted in higher sleep quality (mean = 6.98, SD = 1.49) compared to low support (mean = 6.95, SD = 1.83), with stronger effects in LS compared to HS (B = 0.39, SE = 0.17, P = 0.023). No main effects of social support on sleep reduction were found for support from friends or class supervisor (P > 0.05). High social support from the mother resulted in lower sleep reduction (mean = 14.27, SD = 3.05) compared to low support (mean = 16.42, SD = 3.58; B = À0.60, SE = 0.21, P = 0.005), which was stronger in HS compared to LS (B = 0.53, SE = 0.27, P = 0.047). In addition, high social support from the father resulted in lower sleep reduction (mean = 13.73, SD = 2.74), compared to low support (mean = 15.48, SD = 3.47; B = À0.48, SE = 0.20, P = 0.015), which was similar for HS and LS. All effects were unaffected by gender (P > 0.05).
Moderation effects of support
The interaction between stress and support on sleep quality was different for HS and LS. Support from the mother buffered the effect of academic stress on sleep quality, which was stronger in HS compared to LS (B = À0.18, SE = 0.07, P = 0.008; Fig. 1a) , and was stronger for female than for male adolescents (B = À0.17, SE = 0.07, P = 0.022). Also, the buffering effect of support from friends was stronger for female adolescents during HS compared to LS (B = À0.24, SE = 0.10, P = 0.022; Fig. 1b,c) , as indicated by subsequent post-hoc analysis. Similar investigations were performed for sleep reduction. The three-way interaction between stress, support and time showed a stronger effect in HS compared to LS when support originated from the mother (B = 0.22, SE = 0.11, P = 0.037; Fig. 1d ). No differences due to gender were observed (B = 0.29, SE = 0.22, P = 0.19). No other three-way interactions were found for social support from the father, friend or the class supervisor (P > 0.05). Interestingly, a four-way interaction (stress 9 support class supervisor 9 time 9 gender) Social support from the mother moderated the effects of stress on sleep quality. Moderation effects of social support from friends were different for sleep quality between male (b) and female adolescents (c) during HS. In addition, social support from the mother moderated the effects of stress on sleep reduction, which was stronger during HS (d). A four-way interaction was found for support from the class supervisor on the effects of stress on sleep reduction, which was different for male (e) and female (f) adolescents.
ª 2015 European Sleep Research Society resulted in a stronger effect for female adolescents during HS (B = À0.46, SE = 0.22, P = 0.036; Fig. 1e,f) , as indicated by post-hoc analysis.
DI SCUSSION
The present study investigated the role of social support on the effects of stress on sleep in adolescents during an HS and an LS period. During HS, adolescents reported more stress, lower sleep quality, and lower sleep reduction compared to LS. Regardless of stress period, academic stress was associated with reduced sleep quality and higher sleep reduction, replicating previous findings (Astill et al., 2013) . Social support was associated with improved sleep quality and lower sleep reduction, improvements that have been associated positively with school performance (Dewald et al., 2010) . In addition, social support acted as a moderator, reducing the negative effects of stress on sleep quality and sleep reduction in distressed adolescents. These moderation effects were stronger during HS, which provides additional support for the stress-buffering model of social support. This study shows evidence for both the main effects model, expressed by direct effects of support on sleep, similar for both stress periods, and the stress-buffering model, expressed by interaction effects with stress and by stronger moderation effects during an HS period. It appears that these models are not mutually exclusive; social support could have general positive effects, yet provide additional moderation on the negative effects of stress, especially during periods of increased stress. This would validate previously observed moderation effects of social support on the effects of stress (Pengilly and Dowd, 2000; Willemen et al., 2011) . Interestingly, maternal social support was found to act as a moderator, an effect not observed for paternal social support. This could be related to differences in evaluations of the parent-adolescent relationship, as reviewed by Collins and Russell (1991) . The mother-adolescent relationship was rated higher on closeness and attachment compared to the father-adolescent relationship by adolescents, potentially increasing the relevance and effectiveness of maternal support, as observed in the present study.
Unexpectedly, sleep reduction was lower during HS, which was contrary to the hypothesis, and striking considering that academic stress was associated positively with sleep reduction. Stress could have increased arousal, thus reducing experiences of drowsiness (Bakotic and Radosevic-Vidacek, 2013) . Adolescents could also have reduced sleep reduction by refraining from night-time leisure activities during an HS period. In addition, later school start times during an examination week could have allowed for increased sleep duration, thus resulting in lower sleep reduction (Dewald et al., 2014) . Previous observations that female adolescents can be more prone to ruminate (Hampel and Petermann, 2006) , thus negatively affecting sleep (Dahl and Lewin, 2002) , could explain the present gender differences wherein female adolescents reported lower sleep quality and higher sleep reduction compared to male adolescents. This study had some limitations. First, evaluating stress and sleep through questionnaires yielded subjective reports. However, Astill et al. (2013) reported similar negative effects of academic stress on sleep duration, efficiency and subjective sleep quality using sleep actigraphy during a regular school week, two examination weeks and a week of holiday. Secondly, no inquiries were made regarding general stress, or stress due to relationships with parents and friends. Dahl and Lewin (2002) found these sources of stress to affect sleep characteristics. Misra et al. (2003) showed that higher levels of academic stress can be predicted by life events, which could be more relevant in lower social economic classes (Gillock and Reyes, 1999) . However, this study used academic stress as a predictor to increase the specificity of the results. Thirdly, examination weeks were simultaneous for all participants, preventing a counterbalanced design. Fourthly, extrapolation to the general adolescent population is limited due to the homogeneity of the participants.
In spite of these limitations, this study shows the importance of social support as a moderator for the negative effects of stress on sleep, with stronger effects during a period of high stress. Adolescents, parents and teachers should be made aware of the positive contribution that social support can provide for adolescents' sleep quality and duration, especially during periods of high academic stress. Studies focusing on stress and sleep are advised to include measures for social support in their design due to the moderating role of social support, which could affect results and subsequent conclusions.
